In a recent paper we presented a calculation of NNLL virtual corrections to the forwardbackward asymmetries in b → X s ℓ + ℓ − decay. That result does not include bremsstrahlung corrections which are free from infrared and collinear singularities. In the present paper we include the remaining O(α s ) bremsstrahlung corrections to the forward-backward asymmetries in b → X s ℓ + ℓ − decay. The numerical effect of the calculated contributions is found to be below 1%.
Introduction
Rare B-decays are known to provide a unique source of information about the physics at the scales of several hundred GeV. In the standard model (SM) all these decays proceed through loop diagrams and are suppressed. Thus in the extensions of the SM the contributions from the 'new' sources of flavor-violation can be comparable to or even larger than the SM contribution. Therefore experimental information on rare decays can be used to test the SM at the one-loop level or to put constraints on its extensions.
During the last decade the experimental and theoretical efforts were concentrated on the b → sγ mediated decays. Available experimental data already provides stringent constraints on certain extensions of the SM. In 2002, also the exclusive B → K s µ + µ − decay mode was measured by the BELLE collaboration [1] . This measurement was confirmed soon by the BABAR Collaboration [2] . Recently, also the first measurement of the branching ratio in the inclusive decay B → X s ℓ + ℓ − has been reported by the BELLE Collaboration [3] . The results of these first measurments are compatible with SM predictions though more statistics will be needed for more decisive conclusions. It is expected that precise measurement of kinematical distributions for the B → X s ℓ + ℓ − decay combined with data on B → X s γ will significantly tighten the constraints on the extensions of the standard model [4] .
¿From the theoretical point of view the description of B → X s ℓ + ℓ − decay is problematic because of the long-distance contributions from intermediate cc resonant states. When the invariant mass √ s of lepton pair is close to the mass of resonance, only model dependent predictions for these long distance contributions are available today. However for the region 0.05 <ŝ = s/m 2 b < 0.25 the nonperturbative effects are estimated to be below 10% [5] - [10] and the differential decay rate for B → X s ℓ + ℓ − can be well approximated by HQET corrected short distance contribution.
The next-to-leading logarithmic (NLL) calculation for B → X s ℓ + ℓ − has been performed quite long ago in [11, 12] . However those results are known to suffer from a relatively large (±16%) dependence on the matching scale µ W . The NNLL corrections to the Wilson coefficients eliminate the matching scale dependence to a large extent [13] , but leave a ±13%-dependence on the renormalization scale µ b , which is of order O(m b ). To further improve the theoretical prediction, O(α s ) virtual and bremsstrahlung corrections have been calculated [14] - [16] . As a result the renormalization scale dependence reduced by a factor of 2.
It is well known that the measurement of the forward-backward asymmetries for decay B → X s ℓ + ℓ − can be used, in combination with the measurement of B → X s γ, to perform a so-called model independent test of the standard model [4] , [17] , [18] . The double differential decay width dΓ/[dŝdcosθ] and the forward-backward asymmetries have recently been calculated with NNLL precision [19] , [20] . Those calculations included oneloop virtual O(α s ) corrections associated with the operators O 7 , O 9 and O 10 as well as the corresponding bremsstrahlung corrections that are necessary to cancel the infrared and mass singularities. It was found that NNLL corrections drastically reduce the renormalization scale dependence of forward-backward asymmetries. In the present paper we complete the calculation of the NNLL calculation for the forward-backward asymmetries, presenting the full results for the bremsstrahlung corrections associated with the operators O 1 , O 2 , O 8 which were omitted in [19] , [20] .
The paper is organized as follows. In section 2 we briefly describe the theoretical framework. In section 3 the analytical results for the forward-backward asymmetries in b → X s ℓ + ℓ − decay are presented. In section 4 we discuss the technical details of the calculations and give phenomenological analysis for the forward-backward asymmetries in b → X s ℓ + ℓ − decay .
The Theoretical Framework
The most efficient tool for studies on weak B meson decays is the effective Hamiltonian technique. For the specific channels b → sl + l − (l = µ, e), the effective Hamiltonian is of the form
where we have omitted the contribution proportional to the small CKM factor V * us V ub . The dimension six effective operators can be chosen as
where the subscripts L and R refer to left-and right-handed components of the fermion fields. In the following it is convenient to use the related operatorsÕ 7 , ...,Õ 10 , defined according toÕ
with the corresponding Wilson coefficients
We refer to [13] and [15] for details.
NNLL results for the forward-backward asymmetries
We start introducing the forward-backward asymmetries. Often the so-called normalized and un-normalized forward-backward asymmetries are considered which are defined
and
respectively. The double differential decay witdh can be written in the form [19] : 
8 , A 9 , A 10 , T 9 , U 9 and W 9 are Wilson coefficients or linear combinations thereof. Their analytic expressions can be found in [14] - [19] . In Eq. (7) the term
is due to the finite bremsstrahlung corrections that have not been considered in [19] . In this paper our goal will be to investigate the impact of that term on forward-backward asymmetries. The general distribution (7) will be investigated elsewhere [21] .
In the numerator, both asymmetries involve the same integral that can be expressed as follows:
The functions f 710 and f 910 have been calculated in [19] 
where∆
The functions G −1 (t) and G 0 (t) can be found in [16] (Eqn. (30), (31)). The functions t 210 and t 810 are plotted in Fig.1 .
The details of the calculation and numerical results
As in [19] we will work in the rest frame of the lepton pair. The corresponding formulae have been derived in [19] . For the 3-momenta of b-quark ( p b ), ℓ + ( l 2 ) and gluon ( r) in that frame of reference we have:
where
E b is the energy of the b quark and E r is the energy of gluon. Then the formula for double differential decay width reduces to
where|M| 2 is the squared matrix element, summed and averaged over spins and colors of the particles in the final and initial states, respectively,ŝ = s/m 2 b and z = cosθ, z 2 = cosθ 2 . The boundaries for the integration variables are
As we have mentioned above the forward-backward asymmetries arise only from interference of O 10 matrix element with O i , i = 1, .., 9
1 . The infrared infinite bremsstrahlung corrections coming from interference of O 10 with O 7 and O 9 (along with the corresponding virtual corrections) have been taken into account by introducing functions f 710 and f 910 which have been calculated in our previous paper. The remaining bremsstrahlung corrections are infrared safe and are coming from the interference of O 8 and O 1 , O 2 with O 10 (see Fig.2 and Fig.3 for the contributing Feinman diagrams).
The calculation of O 8 and O 10 interference term is relatively easy and can be performed analytically. The calculation for O 1,2 and O 10 interference terms is more complicated and will be described in some detailes below.
The bremsstrahlung corrections involve the matrix elements associated with the two diagrams in Fig. 3 . Their sum,J αβ , is given bȳ
where q and r denote the momenta of the virtual photon and of the gluon, respectively. The index α will be contracted with the photon propagator, whereas β will contracted with the polarization vector ǫ β (r) of the gluon [15] . The matrix E(α, β, r) is defined as
Due to Ward identities, the quantities∆i k are not independent of one another. Namely, we have∆
As in addition∆i 26 = −∆i 23 , the bremsstrahlung matrix elements depend on∆i 23 and ∆i 27 , only. In d = 4 dimensions we find
It is easy to notice that dependence of the matrix element M on z 2 is polynomial so the integral over z 2 in Eq. (13) 
For a fixed value ofŝ, the quantities∆i 23 and∆i 27 depend only on the scalar product qr, which is given by (w −ŝ) m 2 b /2. The integration overÊ b then turns out to be of rational kind and can be performed analytically. The remaining integration over w, however, is more complicated and is done numerically.
We now proceed to the investigation of the numerical impact of the finite bremsstrahlung corrections on the forward-backward asymmetries. In Fig. 4 we show the contribution of the finite bremsstrahlung corrections to the unnormalized forward-backward asymmetry ∆A F B (ŝ). Dashed-dot lines show the contribution from interference of matrix elements of the operators O 8 and O 10 (µ =2.5 GeV (uppermost curve), 5 GeV (middle curve), and 10 GeV (lower curve)), dashed lines show the contribution from interference of matrix elements of the operators O 1,2 and O 10 (µ =2.5 GeV (lower curve), 5 GeV (middle curve), and 10 GeV (uppermost curve) and ), solid lines show the sum of previous two terms (µ =2.5 GeV (lower curve), 5 GeV (middle curve), and 10 GeV (uppermost curve)), It is necessary to mention that for some extensions of the standard model (see for instance, [22] ) with opposite sign (and larger values) ofC ef f 8 the contribution of the finite bremsstrahlung corrections to the forward-backward asymmetries can be sizable.
To conclude, we have calculated the finite bremsstrahlung corrections to the forwardbackward asymmetries for b → X s ℓ + ℓ − decay. We found that the numerical impact of the new corrections on the forward-backward asymmetries in the standard model is less than 1%, but for some extensions of the standard model it can be larger.
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